This article deals with modeling technical efficiency with production risk using surveyed data of 398 rice farms in Kebbi State, Nigeria. Stochastic frontier production structure with adaptable risk stipulation was utilized to determine the efficiency level of farmers, production risk associated with input use and avenues of inefficiency. Maximum likelihood estimates of the specified procedure proved that technical efficiency of the producers deviate between 16.1% and 97.8% with a mean of 82.1%. This implies on average 17.9% rice end product is forfeited because of unskillfulness resulting from a lack of efficiency and production risk in input used. Estimates of risk function revealed fertilizer and labour as risk reducing factors while seed and agrochemicals are risk are risk increasing. Similarly, estimates of inefficiency function showed that education level and extension contact were the factors that significantly decreased technical inefficiency of the respondents in the investigation region while household size was found to increase their technical inefficiency substantially. The examination concluded that on average, rice production in the study area has been in fact wasteful (0.821) and advocates that farmers' should use more of seed and agrochemicals to mitigate production risk in input use. Government should increase farmers' access to education and frequent augmentation services. Finally, farmers should ensure the proper use of their family in farming activities in order to reduce inefficiency.
INTRODUCTION
Over the years, the Nigerian rice segment is producing below the demand of its populace, bringing a vast difference between rice demand and its availability. Accessible insight demonstrated that in 2015, Nigeria produced only 2.3 million tons of rice, while the demand for consumption is around 6.3 million tons [1] . This infers that Nigeria is just 36.5 percent independent in rice generation. The force originating from the requirement for rice contrast with the amount of the item accessible for use appears in the ceaseless increment in the expenses of the commodity along these line has huge relative implications for sustenance security and monetary improvement of the Nigerian economy. For instance, Nigeria is spending approximately US$300 million on annual importation of rice [2] . Import policy has discouraged domestic production, increase the level of joblessness and neediness [3] . Successive government administration in Nigeria committed considerable resources in research and development in an attempt to address agriculture productivity and market failure issues, however, smallholder farmers are still defined with low harvest yield, limited open door for credit and advice from rural specialists, poor handling and storage facilities and absence of ideal information about market situation bringing high exchange costs related with inputs and output market commitment [4, 5] . In 2015, a renewed effort was made by the government through a partnership model between smallholder farmers and large scale processor. This approach arranges farmers in teams, offer a monetary connection between the farmers and large scale processor to increase rice output and some targeted commodities, this will as well substantially increase the capacity usage of the processors [3] .
Agricultural production is defined with risk and uncertainty arising from the incident of pest and disease, weeds, variability in the costs of inputs and output, climate changes among others; these acknowledge final yield to meet a predefined financial target to be unsure. Output or yield is frequently influenced by the use of a given set of input factor and environmental factors. The variability in yield because of particular input choice is the risk related with the input use [6, 7] . Along these lines, a risk opposed farmer would like to utilize to a greater extent of risk decreasing factor than a risk-neutral farmer [8] . Rice cultivation in Kebbi State is presumed to be operating in a condition characterized by risk and uncertainty.
Although, many scholars have looked at variability in rice output caused by an adjustment in a given set of input factors and environmental factors, however, this study incorporates input allotment decision of farmers as a source of variation in rice output. Thus, the study intends to estimate the level of technical efficiency, production risk related to input use and determine the factors affecting technical inefficiency of the farmers. This will give an unbiased estimate of technical proficiency for policy purpose.
MATERIALS AND METHODS

Study Area
Kebbi State is situated in North-western Nigeria with its capital in Birnin Kebbi. It comprised of twenty-one Local Government Area (LGA) ( Figure 1 ) and four Agricultural Development zones to be specific; Zone I (Birnin Kebbi), Zone-II, (Argungu), Zone III (Suru) and Zone IV (Yauri), with human population of 3, 630, 9313 and total area of 36,229 square kilometres [9] . Various water bodies,, for example, River Niger, Rima and River Ka are sources of water for the water system, residential use and fishing. Most of the people are occupied in arable cultivating, animal raising and nourishment crop preparing [9] . 
Data and Sampling Method
The study utilized a structured questionnaire to obtain primary data from a field survey carried out during the 2016 production season. Following [10] , 398 respondents were calculated at 95% confidence interval as the representative of 20012 rice farmers' population in the investigation area. Simple random sampling relative to the population of each zone was followed to obtain the sample for each zone (Table 1) . 
Theoretical Framework
The commonly used technique of efficiency breakdown is the Stochastic Frontier Production Function autonomously formulated by [11] and [12] . However, this traditional technique has an element that may genuinely limit its possibilities to depict generation innovation fittingly. The major drawback of the model is the understood presumption that if any input has a supportive outcome on yield, then a supportive outcome on yield fluctuation is additionally forced. This may not be correct because the effects of input on yield ought not to be attached from the earlier with the effects of input on yield variability [8] . A progressively wide random detailed model that joins two common functions; one shows the effects of input on mean yield and another looks at the effects of input on the variance yield was proposed by [8] . The model was detailed as:
stand for the mean production function and ) :
(  i Z g stand for the random component which shows the connection between the dimension of input and variance of the end product,  and  are the mean production function and the variance generation procedure parameters and i v is the stochastic term presumed to be iidN (0, 1). The factor Z isutilized to give details of end product difference and can be the same as input variable X. Thus, an input i X has different influence both on anticipated end product dimension, and end product difference since for this situation, the anticipated end product is acknowledged as:
Appropriately, the effects of input vehave been isolated into two effects: the effects on average yield and the effects on average yield variation. The marginal effect of an input i X that is the partial derivative of the variance concerning this input can, be positive ( risk increasing input), negative (risk decreasing input) or zero (risk-neutral input) [8] . This idea was altered by [13] and [14] prompting SFA with adaptable risk stipulation. The method of breakdown suggested for this investigation is consonant with [14] . The model details as: 
The technical efficiency is given by formula (4) which is steady with [14] stipulation of technical efficiency. ) : (
Technical inefficiency (TI) is presented as:
Technical efficiency therefore becomes;
Given the presumption of irregular errors, a log probability function for the watched farm output is parameterized in terms of
Observational Model Specification
The practical use of this investigation is steady with structures formulated by [8, 11, 12, 14] . The deterministic component of the generation frontier in formula (2) presumed a trans-log model in formula (7)  
Where j Y stand for a yield of farmer j, ji x is the amount of j th input i x , 0  and j  are the unknown parameters to be estimated and i  is the composite error term. The error term is further given as:
(  is the technical inefficiency component,  and  are the risk and technical inefficiency parameters to be estimated, i v catches the effects of measurement error and i u captures the inefficiency effects. The additive generation risk procedure is presented as:
Where s x m ' capture the input factors as depicted in Table 1 Table 2 depicts the variables used in the investigation and summary statistics. It shows the average farm size of 1.7 hectares with a standard deviation of 0.48 hectares. This entails that rice cultivating in the investigation region is on a small scale basis. The small farm size may constrain the quantity of output. The mean age of 51 years and average family size of 8 persons per household shows that the respondents are still young with large family size. The large family size could be attributed to the polygamous practice in the area. Thus, the availability of young farmers and large family size in the investigation region implies cheap family labour if the household could use their family, which may reduce the costs of labour. On average, the respondents level of education ranges from vocational to polytechnic; however, some reasonable number of farmers are above or below the average as indicated by the coefficient of 1.54. The mean farming experience of 15.8 years with average extension contact of about 5 times per production season shows that the farmers have the required experience and augmentation services to manage their farm business. The depiction of the inefficiency variables agrees with the findings of [15, 16 and 17] .
RESULTS AND DISCUSSION
Depiction of Variables and Summary Statistics
The statistics for output and input factors from Table 2 shows the average production of the surveyed homesteads was 4120 kg/ha with a standard deviation of 522.9kg/ha. This implies a large variability among the sampled farms in the investigation region. The average amount of seed used was 114.4kg/ha with the variability of 13.6kg/ha. On average, the respondents used 170.1kg/ha of fertilizer with about 59kg/ha mean difference. This entails a large variation of its use among the surveyed farms. The normal use of agrochemical was 2.2 litres per hectare with least (1.01) coefficient of variation among all the inputs used. On normal ground, a respondent spent 36 man-days to cultivate 1 hectare; however, the variability of the mean stood at 10 man-days per hectare. The output-input variables of this investigation agrees with the findings of [15 and 18] . [19] one adult man (greater or equivalent to 18 years) laboring for 8 hours equivalent to 1 man-day, adult woman labouring for 8 hours equivalent to 0.75 man-days and a child (less than 18 years) labouring for 8 hours is equivalent to 0.5 man-day.
In the inefficiency factors, positioning the dimension of formal schooling for the investigation follows [20] . Table 3 presents the maximum likelihood estimates of the trans-log stochastic production function. The presumption that there is no wastefulness and production risk in input use (  =0) was substantially rejected at 1% level of significance (  =2.1414). Technical inefficiency and production risk in input use contribute significantly to yield variability. Also, we find that 82.1% variation in the observed yield is caused by technical inefficiency . This investigation agrees with [21 and 15] . 12 1.1012 *** 0.3014 (Lnseed)(Lnagrochemicals) 13 0.6305 ** 0.3201 (Lnseed)(Lnlabour) 14 -0.0558 0.2179 (Lnfertilizer) (Lnagrochemicals) 23 2.1588 ** 1.0822 (Lnfertilizer)(Lnlabour) 0.8209 Sample size n 398 Source: Field survey data, 2016. Note: * , ** and *** are 10%, 5% and 1% significances Levels
Maximum Likelihood Estimates of Trans-log Stochastic Frontier Production
Elasticity of Production
The elasticity of output concerning each input used in trans-log stochastic frontier production function was determined following [22] . The output elasticities show a measure of the responsiveness of rice output to changes in the various input variables. A summation of the partial elasticities of various input variables concerning output is a measure of the returns to scale of the rice farms. A positive sign implies that as the variable input increase, rice output will increase and vice versa. Table 4 presents the output elasticity for seed, fertilizer, agrochemicals, and labour as 0.3295, 0.3341, 0.1831and 0.2131 individually. The implication is that fertilizer has the highest contribution to rice output, followed by seed, labour and chemicals. It also implies that a 1% increase in seed per hectare, holding other factors constant will increase rice output by 0.3295%. Similar interpretation applied to fertilizer, agrochemicals and labour. The rate of returns to scale was 1.0598; this infers that when all inputs are jointly increased by 1%, rice output will increment by 1.059%. The result agrees with [23 and 15] Table 5 presents the maximum likelihood estimates of the production risk function. We find that fertilizer and labor are factors that substantially reduce yield variability while seed and agrochemicals are risks increasing factor though not strong. This result agrees with [24 and 15] .  -0.3425 * 0.1878 Source: Field survey data, 2016: Note: * , ** and *** denotes 10%, 5% and 1% Significance levels
Maximum Likelihood Estimates of Production Risk Function
Technical Efficiency Estimates
Rice generation in the investigation territory is defined by unskillfulness coming from a lack of efficiency. The minimum and maximum efficiency scores stood at 0.161 and 0.978 accordingly ( Table 6 ). The average technical efficiency score of 0.821, implying that the farmers are 17.9% below the maximum end product. Thus, there is room to expand yield by 17.9% simply by adopting the technology of the best practices of the best farm. The result agrees with [25 and 15] . Table 6 . Presents maximum likelihood estimates of technical inefficiency model. The result shows extension contact and education level are factors significantly decreasing the technical inefficiency of the respondents while the household size is increasing their technical inefficiency substantially. The result of household increasing technical inefficiency agrees with [26] while education and extension contact decreasing technical inefficiency agrees with [27 and 28] . 6 -0.4778** 0.2048 Source: Field survey data, 2016: Note: * and ** are 10% and 5% levels of significance
Estimates of Technical Inefficiency
CONCLUSIONS
This study modeled technical efficiency with production risk using surveyed data of 398 farmers in Kebbi State. Estimates from a stochastic frontier structure with flexible risk stipulation proved that rice production in the investigation region is characterized by increasing returns to scale. Fertilizer and labour were found to be risk decreasing factors, while seed and agrochemicals are risk increasing inputs. On a normal, rice creation in the investigation zone has been, in fact, wasteful (0.821). The estimates of inefficiency function show education level and extension contact are significant factors decreasing technical inefficiency; however, household size was found to increase technical inefficiency substantially. The study advocates plan of action to encourage the effective and proper use of fertilizer and labour, extension services, increase access to education. Also, farmers should encourage the active participation of their family members. Finally, it is allowed to include generation risk in technical efficiency breakdown if the inputs are non-neutral in risk.
